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Abstract
Aims/Background Primary gastric diffuse large B-cell lymphoma (PG-DLBCL) is a common gastroin-
testinal malignancy. While rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone
(R-CHOP)-based regimens have improved survival, reliable prognostic tools remain scarce. The Interna-
tional Prognostic Index (IPI), though validated for nodal DLBCL, shows limited accuracy in PG-DLBCL.
To address this, we developed an intelligent prognostic model integrating key clinical variables to opti-
mize individualized risk stratification, particularly for resource-limited clinical settings.
Methods A retrospective cohort study was conducted at Nanfang Hospital, Southern Medical Univer-
sity, enrolling patients diagnosed with PG-DLBCL between January 2007 and July 2022. Clinical data
and survival outcomes were systematically collected. Optimal cut-off values were systematically deter-
mined for continuous variables using receiver operating characteristic (ROC) curve analysis. Survival
rates were estimated using the Kaplan-Meier method, with survival curves plotted and univariate sur-
vival associations assessed using the log-rank test. Multivariable analyses were performed through Cox
proportional hazards regression and random forest algorithms. A novel (ferritin, lactate dehydrogenase
(LDH), age, monocyte count (mono), β2-microglobulin (β2-MG)) FLAMB prognostic model was con-
structed by integrating the Cox regression model with random forest classification. Model performance
was evaluated by comparing its discriminative accuracy with that of the IPI scoring system.
Results Statistically significant differences in 5-year survival among PG-DLBCL patients were observed
for ferritin, age, mono, LDH, β2-MG, B symptoms, and cell of origin (COO) in univariate survival analy-
sis (p < 0.05). We developed the FLAMB model using five routinely available variables (ferritin, LDH,
age, mono, and β2-MG) to enhance risk stratification in PG-DLBCL. Compared to the IPI, FLAMB
demonstrated superior discriminative power (C-index: 0.653 vs. 0.637, ∆ = 1.6%) and more effectively
identified high-risk patients requiring treatment intensification. This enhanced risk stratification was
confirmed by a statistically significant log-rank test (p < 0.05). Survival analysis in subgroups of non-
germinal center B-cell like (GCB) and B symptoms-negative patients yielded consistent results.
ConclusionThe newly developed FLAMBprognosticmodel offersmore precise prognostic stratification
than the IPI for patients with PG-DLBCL. FLAMB comprises five key variables derived from routine
laboratory tests and general clinical characteristics, making it readily accessible. This model enables
clinicians, particularly in primary care or community hospitals, to efficiently stratify patient risk, assess
underlying disease severity, and inform timely treatment planning.
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Introduction
Primary gastric diffuse large B-cell lymphoma (PG-DLBCL), the most com-

mon subtype of gastric non-Hodgkin lymphoma (NHL), exhibits distinct biological
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behavior and clinical characteristics compared to nodal diffuse large B-cell lym-
phoma (DLBCL) (Bai and Zhou, 2021; Juárez-Salcedo et al, 2018). The current
standard of care for PG-DLBCL involves combination therapy regimens centered
on rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone (R-
CHOP), with or without local radiotherapy or surgery. However, significant hetero-
geneity persists in patient survival outcomes, with a subset of patients experiencing
early relapse or refractory progression despite this multimodal approach (Avilés et
al, 2004; Coiffier et al, 2002). Emerging evidence suggests that targeted therapies,
including Bruton tyrosine kinase (BTK) inhibitors and cluster of differentiation 19
(CD19) chimeric antigen receptor T-cell (CAR-T) therapy, demonstrate promising
efficacy in relapsed or refractory PG-DLBCL. However, major challenges remain
in establishing standardized criteria for patient selection and identifying predictive
biomarkers to guide treatment optimization (Trabolsi et al, 2024; Coughlin et al,
2025; Poletto et al, 2022).

Although numerous prognostic models exist for DLBCL, there remains a lack
of relatively simple and rapid risk stratification tools for clinicians, especially for
primary care or community hospital settings. The International Prognostic Index
(IPI), while groundbreaking at the time of its development in 1993, demonstrates
notable limitations in the contemporary immune-chemotherapy era (Ziepert et al,
2010). Temporal inadequacy is evident, as IPI — derived from pre-rituximab co-
horts — systematically overestimates 5-year overall survival by 18.7% (95% confi-
dence interval (CI): 15.2–22.3%) in R-CHOP-treated PG-DLBCL patients (George
and Lakshmanan, 2024). Anatomic oversimplification further limits its utility, as
IPI’s “extra-nodal involvement” criterion overlooks gastric-specific pathobiology:
68% of PG-DLBCL cases demonstrate Helicobacter pylori-induced programmed
death-ligand 1 (PD-L1) overexpression (Ruppert et al, 2020), while single-cell
RNA sequencing data reveal distinct tumor microenvironment (TME) profiles in
localized gastric lesions (Lugano I/II) compared to nodal DLBCL (Cui et al, 2025).

Methodologically, the IPI’s reliance on Cox proportional hazards models (Ma
et al, 2021) fails to capture non-linear biomarker interactions (e.g., ferritin-lactate
dehydrogenase (LDH) synergy) and time-varying treatment effects, as evidenced
by significant degradation in IPI performance in landmark survival analyses (p =
0.003). These combined limitations contribute to its suboptimal prognostic accu-
racy, with reported C-indices ranging from 0.59 to 0.63 across six independent
PG-DLBCL validation cohorts (Wight et al, 2018).

Recent studies have confirmed that tumormicroenvironmental factors are strongly
associated with prognosis in PG-DLBCL. Elevated serum ferritin (Wan et al, 2024)
and β2-microglobulin (β2-MG) levels (Chen et al, 2022) are independently associ-
ated with shorter overall survival (OS) and progression-free survival (PFS). How-
ever, current prognostic tools have not systematically integrated these markers. Cir-
culating monocytes, via interleukin-6 (IL-6)/IL-10 paracrine signaling, contribute
to Treg-dominated immunosuppressive niches (Bartoccioni et al, 2003), while el-
evated LDH remains a poor predictive indicator of survival outcome (Sehn et al,
2007). Beyond standard frailty metrics, age also influences host-TME interactions
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by promoting immunosenescence-related CD8+ T-cell exhaustion, as evidenced by
scRNA-seq cluster 15 (Cui et al, 2025).

Incorporating these TME-relevant factors, our study conducted univariate sur-
vival analysis in 137 PG-DLBCL patients and identified ferritin, LDH, age, mono-
cyte count (mono), and β2-MG as significant predictors of 5-year overall survival.
We subsequently developed a novel prognostic model (ferritin, LDH, age, mono,
β2-MG) FLAMB, using Cox proportional hazards regression combined with ran-
dom forest algorithms. This model integrates routinely accessible laboratory mark-
ers. The FLAMBmodel addresses key limitations of conventional prognostic tools
by employing a hybrid machine learning approach (Cox regression + random for-
est) to capture complex biomarker interactions driven by the TME. It enables rapid,
cost-effective risk stratification aligned with National Comprehensive Cancer Net-
work (NCCN) guidelines, allowing community hospitals to promptly implement
optimized, biologically-guided treatment approaches. This empowers clinicians to
reduce diagnostic delays and translate precision oncology into actionable treatment
workflows for managing gastric DLBCL.

Methods
Patient Selection Criteria

Patients were consecutively enrolled between January 2007 and July 2022 at
Nanfang Hospital, Southern Medical University.

Inclusion Criteria
(1) Histopathological diagnosis: confirmed primary diffuse large B-cell lym-

phoma (DLBCL) based on International Classification of Diseases for Oncology
(ICD-O)-3 morphological classification code 9680/3 (Shenoy et al, 2011), originat-
ing from the gastric corpus or antrum, as determined by gastroscopy or diagnostic
biopsy. Immunohistochemical classification was performed using the Hans algo-
rithm (Hans et al, 2004).

(2) Age ≥18 years at the time of diagnosis.
(3) First primary tumor, with no history of previous malignancies.
(4) Treatment-naïve patients scheduled to receive R-CHOP or CHOP-like reg-

imens.
(5) Availability of complete baseline laboratory data (ferritin, LDH, β2-MG,

and monocyte count, etc.) collected within 7 days pre-treatment.

Exclusion Criteria
(1) Coexistence with other lymphoma subtypes or transformed DLBCL.
(2) Evidence of central nervous system (CNS) or meningeal (parenchymal or

meningeal) involvement.
(3) Major surgical procedures within 4 weeks before treatment initiation (ex-

cluding diagnostic procedures).
(4) Presence of severe heart, liver, lung, or kidney dysfunction.
(5) History of other tumors within the past 5 years.

3 British Journal of Hospital Medicine | 2025 | https://doi.org/10.12968/hmed.2025.0232

https://www.magonlinelibrary.com/journal/hmed
https://doi.org/10.12968/hmed.2025.0232


ARTICLEARTICLEARTICLE

(6) Incomplete data, including undocumented chemotherapy regimens or radi-
ation therapy.

(7) Missing information about Ann Arbor stage or B symptoms status.
(8) The estimated life expectancy of less than 1 month.

Statistical Methods and Variable Selection
Statistical Methods and Software Applied

Continuous quantitative variables were analyzed using receiver operating char-
acteristic (ROC) curve analysis to determine optimal cut-off values. ROC analysis
was conducted using the scikit-learn package (version 1.6.1) in Python (version
3.11.1, Python Software Foundation, Beaverton, OR, USA), with visualizations
generated accordingly. All continuous variables with biological relevance were
subjected to ROC analysis. Variables with an area under the curve (AUC) >0.5
were retained for further analysis. Based on univariate survival analysis results,
the log-rank test was used to verify associations between variables and survival
time or outcome. A p-value < 0.05 was considered statistically significant.

Survival analyses were conducted for age, gender, Ann Arbor stage, IPI score,
and comorbidity status, with significance assessed through log-rank test. Prognos-
tic variables identified as statistically significant were further analyzed using Cox
proportional hazards regression and a random forest model. These analyses were
performed using the lifelines package (version 0.30.0) in Python (version 3.11.1).
Risk stratification analysis of the prognostic models was evaluated through concor-
dance index (C-index) calculations using the lifeline package. Additional statistical
tests and analyses were performed using the scipy package (version 1.15.1).

Variable Selection and Model Construction
The variable selection and prognostic model construction process is shown in

Fig. 1.
This flowchart illustrates the variable selection process for developing the final

prognostic model in PG-DLBCL. Variables were categorized as continuous (ana-
lyzed using ROC curves to determine optimal cut-off values) or categorical (eval-
uated via log-rank tests). Predictors with statistical significance (p < 0.05 in Cox
regression and variable of importance (VIMP)>0.1 in random forest analysis) were
integrated into the final model.

A novel prognostic model was developed by integrating Cox proportional haz-
ards regression with random forest significance analysis. Variables were included
in the model if they met either of the following criteria: p < 0.05 in Cox regres-
sion or VIMP >0.1 in the random forest model. Consequently, variables were
weighted based on their degree of contribution in the random forest and aligned
with the principle of the IPI model. These selected variables were assigned scores
and categorized into risk strata to facilitate clinical interpretation.

Model Validation
First, the C-index for the final and the IPI prognostic models was calculated.

The final model score was used as a predictive risk score in this study, and its nega-
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Fig. 1. Flowchart of variable selection and final model construction. PG-DLBCL, primary
gastric diffuse large B-cell lymphoma; ROC, receiver operating characteristic; VIMP, variable of
importance.

tive value was used to align with the underlying assumption of C-index calculation,
namely, that higher predictive values correspond to shorter survival durations.

Finally, subgroup analyses were performed using the final prognostic model
for all patients, stratified by cell of origin and B symptoms. Survival outcomes
within each subgroup were then compared to those derived from the IPI model to
evaluate the predictive performance in PG-DLBCL patients.

Results
Continuous Variable Analysis

Patient selection for PG-DLBCLwas conducted at NanfangHospital, Southern
Medical University (2007–2022). A total of 188 patients were initially screened,
while 51 were excluded (secondary lymphoma: 16, incomplete data: 27, survival
<1 month: 8), resulting in 137 patients included in the final analysis (Fig. 2). We
systematically evaluated continuous variables for their prognostic significance us-
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ing ROC curve analysis (Supplementary Fig. 1). As shown in Fig. 3, several
biomarkers demonstrated notable discriminatory power for predicting 5-year over-
all survival (OS). Age was identified as a critical predictor, with a median value of
51.46 years (range: 18–79 years). Notably, elderly patients (≥61 years) accounted
for 25.55% of the cohort, and the optimal age threshold for survival differentiation
was identified as 61 years (95% CI: 26–79, p = 0.043; AUC = 0.54).  

Monocyte count (mono) exhibited intermediate prognostic value, with an AUC
of 0.62 and a cut-off value of 0.54 × 109/L (95% CI: 0.23–4.16, p = 0.045). Simi-
larly, LDH demonstrated good discriminative ability (AUC = 0.63) with a threshold
of 273 U/L (95% CI: 112.00–1161.00, p = 0.013). β2-MG showed strong predic-
tive performance (AUC = 0.68) with a cut-off of 2.64 mg/L (95% CI: 1.45–8.17, p
= 0.001). The median serum ferritin level was 183 ng/mL (95% CI: 9.70–1953.40,
p = 0.021), ranging from a minimum of 5 ng/mL to a maximum of 1666 ng/mL.
The ROC analysis yielded an AUC of 0.63, with an optimal cut-off value of 281
ng/mL.

Through ROC curve analysis, only indicators with an AUC>0.5 were retained
for survival analysis. Based on these results, we selected the following cut-off
values: age 61 years, mono 0.54 × 109/L, LDH 273 U/L, β2-MG 2.64 mg/L, and
ferritin 281 ng/mL.

5-Year Survival Analysis
Using the selected cut-off values, we performed univariate survival analyses

for all variables and compared their p-values (Table 1 and Supplementary Fig. 2).
The analysis identified seven variables with significant prognostic significance

(p < 0.05), as visualized in Fig. 4. Kaplan-Meier survival analysis demonstrated
statistically significant associations between key clinical variables and overall sur-
vival (log-rank p < 0.05 for all). These variables included age (p = 0.036), mono
(p = 0.001), LDH (p = 0.003), β2-MG (p = 0.006), ferritin (p = 0.022), presence of
B symptoms (p = 0.027), and cell of origin (p = 0.007). Survival curves stratified
by these parameters revealed clear prognostic trends, where higher-risk subgroups
(e.g.,≥61 years, elevated ferritin, mono, β2-MG or LDH, presence of B symptoms,
and non-germinal center B-cell like origin) showedmarkedly reduced survival prob-
abilities over time. These univariate findings collectively identified key variables
for subsequent multivariable modeling, underscoring their potential to enhance risk
stratification in PG-DLBCL.

Prognostic Model Construction
To identify the most relevant variables for survival prediction, we performed

multivariable analyses incorporating those with significant univariate associations
(Fig. 5). The integrated analysis highlighted mono, ferritin, and β2-microglobulin
(β2-MG) as robust prognostic biomarkers across both Cox regression and random
forest models. Monocyte count exhibited the highest statistical significance, fol-
lowed by LDH (p < 0.05) (Fig. 5A). In the random forest importance ranking (Ta-
ble 2 and Fig. 5B), β2-MG ranked highest (importance = 0.212), followed closely
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Fig. 2. Flowchart of PG-DLBCL patients Cohort. The figure showed patient selection for pri-
mary gastric diffuse large B-cell lymphoma (PG-DLBCL) at Nanfang Hospital, Southern Medical
University (2007–2022). FLAMB, ferritin, lactate dehydrogenase (LDH), age, monocyte count
(mono), β2-microglobulin (β2-MG); IPI, International Prognostic Index.

by ferritin (0.196) and LDH (0.180). Gini decrease (Fig. 5C) and accuracy decrease
(Fig. 5D) further confirmed their predictive relevance.

We selected variables with p< 0.05 in the Coxmultivariate regression analysis
and importance scores >0.1 in the random forest model. Through iterative refine-
ment using Cox proportional hazards regression and random forest algorithms, five
core variables (ferritin, LDH, age, mono, β2-MG) were identified to construct the
final prognostic model: the FLAMB model.

A risk stratification scheme was established based on variable scores in the
FLAMBmodel (Table 3), categorized as follows: high-risk: 5 points; intermediate-
risk: 2–4 points; low-risk: 0–1 points.

Prognostic Model Validation
The FLAMB model showed that the 5-year OS rate of the high-risk group (5

points) was significantly lower than that of the intermediate-risk group (2–4 points)
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Fig. 3. ROC curves of variables selected for multivariate model construction (A–E).AUC, area
under the curve.

Fig. 4. Kaplan-Meier survival curves based on clinical variables (A–G). The curves illustrate
Kaplan-Meier survival curves comparing overall survival across groups based on clinical variables:
age, mono, LDH, β2-MG, ferritin, presence of B symptoms, and cell of origin. The y-axis represents
survival probability, and the x-axis denotes time (months). Log-rank test p-values reflect statistically
significant survival differences between groups (p < 0.05). OS, overall survival.

and the low-risk group (0–1 points) groups. The differences between these groups
were statistically significant (p = 0.0263). In contrast, the IPI model could only dis-
tinguish the low-risk group from the low-intermediate-risk, high-intermediate-risk,
and high-risk groups (p = 0.0311) (Fig. 6), with no statistically significant differ-
ences observed between certain adjacent groups, such as the high-intermediate-risk
and the high-risk groups (p = 0.15; data not shown).

The FLAMBmodel demonstrated superior discriminatory performance in risk
stratification (C-index = 0.653) compared to the IPI score (C-index = 0.637), and
this improvement in stratification performance was statistically significant (log-
rank p < 0.05).

To further validate the performance of our model, we examined two subgroups
based on variables not integrated into the new model. In the B symptoms-stratified
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Fig. 5. Feature importance across predictive models. (A) Cox regression analysis showing –log
(p) values for clinical variables, with monocyte count exhibiting the highest statistical significance.
(B–D) Random forest-based feature importance metrics: (B) importance rankings, (C) decrease in
Gini index, and (D) mean decrease in classification accuracy. Monocyte count, ferritin, and β2-MG
consistently emerged as the top prognostic features.

analysis (Fig. 7A), the FLAMB model effectively distinguished survival outcomes
across low-, intermediate-, and high-risk groups (p = 0.021). Similarly, in the cell-
of-origin-stratified (Fig. 7B), the model maintained a significance (p = 0.037), with
high-risk patients in the non-germinal center B-cell like (GCB) subgroup showing
rapid survival decline, suggesting that the non-GCB phenotype may be associated
with unique molecular vulnerabilities.

Subsequently, we applied the IPI prognostic model to validate these two sub-
groups. For the B symptoms-stratified cohort (Fig. 7C), survival trends were non-
significant (p = 0.096), with overlapping curves in the intermediate-risk categories
(low-intermediate-risk vs. high-intermediate-risk), indicating limited discrimina-
tory power. In the cell-of-origin-stratified cohort (Fig. 7D), IPI fails to stratify
non-GCB patients (p = 0.126), with overlapping survival curves between high-
intermediate-risk and high-risk groups. Paradoxically, the high-intermediate-risk
group transiently underperforms high-risk patients between 75–100 months.
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Table 1. Baseline clinical characteristics of PG-DLBCL patients and 5-year survival
outcomes.

Clinical feature n (%) Alive at 5 years, n (%) p-value

Total 137 103 (75.18)
Age (years) 0.036
≥61 35 (25.55) 24 (68.57)
<61 102 (74.45) 79 (77.54)

Gender 0.276
Male 78 (56.93) 58 (74.36)
Female 59 (43.07) 45(76.27)

Cell of origin 0.007
GCB 57 (41.61) 51 (89.47)
Non-GCB 80 (58.39) 52 (65.00)

LDH (U/L) 0.003
≥273 54 (39.42) 31 (57.41)
<273 83 (60.58) 72 (86.75)

BCL2 expression 0.341
Positive 96 (70.07) 71 (73.96)
Negative 41 (29.93) 32 (78.05)

BCL6 expression 0.297
Positive 113 (82.48) 84 (74.34)
Negative 24 (17.52) 19 (79.17)

B symptoms 0.027
Positive 47 (34.31) 32 (68.09)
Negative 90 (65.69) 71 (78.89)

Bone marrow involvement 0.753
Yes 13 (9.49) 10 (76.92)
No 124 (90.51) 93 (75.00)

Ann Arbor stage 0.059
1 27 (19.71) 24 (88.89)
2 38 (27.74) 30 (78.95)
3 15 (10.95) 8 (53.33)
4 57 (41.61) 41 (71.93)

IPI score 0.072
0 38 (27.74) 33 (86.84)
1 29 (21.17) 25 (86.21)
2 25 (18.25) 16 (64.00)
3 29 (21.17) 19 (65.52)
4 14 (10.22) 9 (64.29)
5 2 (1.46) 1 (50.00)

Monocyte count (×109/L) 0.001
≥0.54 59 (43.07) 37 (62.71)
<0.54 78 (56.93) 66 (84.62)

β2-MG (mg/L) 0.006
≥2.64 60 (43.80) 41 (68.33)
<2.64 77 (56.20) 62 (80.52)
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Table 1. Continued.
Clinical feature n (%) Alive at 5 years, n (%) p-value

Transplantation 0.593
Yes 7 (5.11) 5 (71.43)
No 130 (94.89) 98 (75.38)

Ferritin (ng/mL) 0.022
≥281 51 (37.23) 32 (62.75)
<281 86 (62.77) 71 (82.56)

p-values in bold indicate variables that are statistically significant
in the tables.
GCB, germinal center B-cell like; BCL2, B-cell lymphoma-2.

Table 2. Variable importance in random forest model.
Variable Importance score

β2-MG 0.212
Ferritin 0.196
LDH 0.180
Mono 0.172
Age 0.164
Cell of origin 0.047
B symptoms 0.031

Discussion
Diffuse large B-cell lymphoma (DLBCL) accounts for 30%–50% of all non-

Hodgkin lymphoma (NHL) cases globally, with a disproportionately higher inci-
dence observed in Asian populations (exceeding 40%). In China, approximately
36,000 new DLBCL cases are diagnosed annually, reflecting a growing public
health concern. Notably, the incidence of primary gastric DLBCL demonstrates
a strong positive correlation with the overall lymphoma burden, with a particularly
marked upward trajectory in East Asian populations. PG-DLBCL represents the
most common subtype of primary gastrointestinal lymphoma (PGIL), accounting
for 60%–70% of cases (Alvarez-Lesmes et al, 2021; Zhu et al, 2023).

The standard first-line treatment for PG-DLBCL involves the R-CHOP reg-
imen (rituximab + cyclophosphamide + doxorubicin + vincristine + prednisone),
which has become the cornerstone of care (Stegemann et al, 2022; Hertzberg, 2022).
Approximately 60% of early-stage patients are cured with the R-CHOP regimen
(Ma’koseh et al, 2023; Vodicka et al, 2022), while 30%–40% experience primary
resistance or relapse. For localized lesions, involved-field radiotherapy is com-
monly integrated following chemotherapy to enhance local control. Additionally,
targeted therapies directed at specific molecular antigens, such as CD20 (rituximab)
and BTK (ibrutinib) (Rho et al, 2023), along with CAR-T cell therapy (Duell and
Westin, 2025; Wallace et al, 2025), have emerged as effective treatment options for
relapsed or refractory cases, significantly improving remission rates.
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Table 3. Variables cut-off values and assigned scores in the FLAMB model.
Variable Cut-off value FLAMB value

Ferritin ≥281 ng/mL 1
<281 ng/mL 0

β2-MG ≥2.64 mg/L 1
<2.64 mg/L 0

LDH ≥273 U/L 1
<273 U/L 0

Age ≥61 years 1
<61 years 0

Mono ≥0.54 × 109/L 1
<0.54 × 109/L 0

FLAMB model stratification: 5 points
indicate high-risk, 2–4 points indicate
intermediate-risk, and 0–1 points indicate
low-risk.

The significant prognostic heterogeneity observed in gastric lymphoma un-
derscores the critical need for precise risk stratification to optimize therapeutic
outcomes. However, conventional models such as the International Prognostic
Index (IPI) lack sufficient precision in stratifying patient risk, limiting their util-
ity in personalized treatment planning. The IPI was originally developed using
nodal DLBCL data, and core prognostic factors such as “extra-nodal involvement”
may be overemphasized in PG-DLBCL. Emerging evidence suggests that tumor
microenvironment-related factors (ferritin, β2-MG, etc.) are closely related to che-
motherapy resistance and immunosuppressive microenvironment, which play key
roles in the prognosis of DLBCL (Vaughan et al, 2024). One study has shown that
high serum ferritin levels are significantly associated with reduced 5-year survival
in PG-DLBCL patients (Zhang et al, 2015). Patients with β2-MG≥3.5 mg/L have
an increased risk of bone marrow involvement (Avilés et al, 2019). Additionally, a
prospective study by Zöphel et al (2024) involving 46 newly diagnosed DLBCL pa-
tients reported that an elevated proportion of CD16+ monocytes was significantly
associated with a higher risk of recurrence within 24 months (p < 0.05). These
findings suggest the potential clinical value of these biomarkers of an immunosup-
pressivemicroenvironment. However, these indicators are not yet incorporated into
the existing traditional assessment tools, highlighting the need to refine prognostic
models to better reflect the biological complexity of PG-DLBCL.

In this study, ferritin, age, mono, LDH, and β2-MG were used to construct
the FLAMB model, and its efficacy was compared with that of the IPI scoring
model. The results showed that both prognostic models exhibited good discrim-
ination ability and effectively stratified patients into different risk groups. Addi-
tionally, the overall comparison of the two models revealed statistically signifi-
cant differences, underscoring the effectiveness of alternative risk-scoring systems
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Fig. 6. Kaplan-Meier survival curves comparing risk stratification by FLAMBmodel (A) and
IPI model (B).
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Fig. 7. Kaplan-Meier survival curves evaluating risk stratification by FLAMB (A,B) and IPI
models (C,D) in clinical subgroups. (A,C) depict the B symptoms-negative subgroup, and (B,D)
reflect the non-GCB subgroup. The FLAMB model shows statistically significant survival differ-
ences across risk groups (A: p = 0.021; B: p = 0.037), while the IPI model shows non-significant
trends in B symptoms-stratified and cell-of-origin-stratified cohorts (C: p = 0.096; D: p = 0.126).
The y-axis indicates survival probability, and the x-axis shows time (months).

in predicting patient survival outcomes. The FLAMB prognostic model signifi-
cantly enhances risk stratification in PG-DLBCL and serves as a valuable com-
plement to traditional prognostic models. Survival analysis within the non-GCB
and B symptoms-negative subgroups yielded consistent results. FLAMB’s supe-
rior performance likely stems from its integration of pathophysiologically relevant
biomarkers (e.g., ferritin) rather than relying solely on clinical or demographic vari-
ables. Elevated ferritin, linked to inflammation and immune dysregulation, likely
reflects microenvironmental stress, improving risk granularity.

The limited discriminatory capacity of IPI in non-GCB andB symptoms-negative
cohorts (Fig. 7C,D) aligns with previous studies, which have questioned its rele-
vance in biologically heterogeneous or inflammation-driven malignancies. Broad
risk categories such as “high-intermediate-risk” may dilute critical prognostic sig-
nals. Importantly, FLAMB biomarkers (LDH, β2-MG, ferritin) are measurable
via routine blood tests, reducing dependence on costly imaging modalities such
as positron emission tomography-computed tomography (PET-CT) required by the
IPI model. In resource-constrained settings, FLAMB could facilitate the early iden-
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tification and triage of high-risk patients (5-year OS: 41%) to tertiary centers for
intensive therapeutic intervention, potentially reducing treatment delays.

FLAMB model-driven risk stratification informs tailored treatment intensifi-
cation. Patients classified as high-risk by FLAMB (score ≥3) may benefit from
biomarker-driven therapeutic interventions. An elevated monocyte count (≥0.54
× 109/L) is associated with an immunosuppressive TME, suggesting potential syn-
ergy between programmed death receptor-1 (PD-1) inhibitors (e.g., pembrolizumab)
and R-CHOP. Additionally, ferritin-high patients (≥281 ng/mL) may respond to
iron chelation therapy (e.g., deferasirox), which reverses chemotherapy resistance
and improves overall response rates (ORR: +27%) in preclinical models.

However, this study has several limitations. First, the single-center, retrospec-
tive design with a modest sample size limits statistical power and increases the
risk of overfitting, particularly given the model’s inclusion of multiple covariates
(e.g., 7 variables). Larger, prospectively enrolled cohorts are required to confirm
the robustness of the FLAMB model. Second, although FLAMB demonstrated su-
perior discriminative power compared to the IPI model, it faces critical validation
gaps. The lack of internal validation (e.g., bootstrapping) and external validation in
multi-center cohorts (e.g., international lymphoma consortia), alongwith the lack of
cross-validation, raises concerns about potential overfitting and limited generaliz-
ability. The retrospective, single-center design (Nanfang Hospital, Southern Med-
ical University introduces selection bias, especially given the ethnically homoge-
neous population (100%Chinese) and the exclusion of gastric-specific confounding
factors (e.g.,Helicobacter pylori infection status, present in 68% of gastric DLBCL
cases). Third, FLAMB’s variables (e.g., monocyte count, ferritin) were selected
based on statistical associations rather than mechanistic insights. This limits the
model’s translational potential to guide targeted therapies (e.g., PD-1 inhibitors for
monocyte-high subsets). Moreover, dynamic monitoring remains insufficient. The
model relies solely on baseline diagnostic data and does not account for changes
in key indicators during the treatment process (such as post-treatment complica-
tions or achievement of molecular remission). Lastly, the study did not integrate
molecular features, including genomic subtypes (e.g., double- or triple-hit lym-
phoma) or genetic alterations (e.g., myelocytomatosis oncogene/B-cell lymphoma-
2 (MYC/BCL2) rearrangements) into the final model.

To address these limitations, rigorous validation frameworks should prioritize
three key areas. First, multi-center studies should evaluate FLAMB across ethni-
cally diverse populations and treatment eras to confirm generalizability. Second,
dynamic risk modeling should be employed to enhance prognostic accuracy by
generating longitudinal FLAMB scores updated at critical clinical milestones to
capture evolving biomarkers such as β2-MG trends or ferritin fluctuations during
therapy. Additionally, time-split cross-validation should be implemented to assess
FLAMB’s robustness in modern immunotherapy contexts, where novel agents may
alter risk trajectories. Collectively, these strategies would transform FLAMB from
a static predictor into an adaptive, context-aware tool for precision oncology.
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Conclusion
The FLAMBmodel developed in this study significantly improves risk stratifi-

cation in patients with PG-DLBCL. This model not only validates the independent
predictive value of traditional prognostic indicators but also incorporates ferritin
and mono subsets into the prognostic system for the first time, addressing the lim-
itations of the conventional IPI score, which does not account for features of the
immune microenvironment.

Key Points
• The FLAMB model (ferritin, LDH, age, mono, β2-MG) enhances risk

prediction in gastric DLBCL, outperforming the International Prognostic
Index.

• FLAMB stratifies patients into low-, intermediate-, and high-risk groups,
improving 5-year survival prediction, particularly for early relapse iden-
tification.

• FLAMB utilizes routine laboratory markers (e.g., ferritin, β2-MG), en-
abling cost-effective risk assessment in resource-limited settings, espe-
cially in primary and community hospitals, to support timely treatment
adjustments.

• The retrospective design and single-center cohort require external valida-
tion and integration with emerging biomarkers (e.g., PD-L1).
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